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Abstract 
Tribological investigations of lubrication compositions containing additives of cholesteric liquid crystals with carbon nanotubes 
have been performed. The influence of rheological properties of lubrication compositions on their tribological characteristics has 
been determined. The possibility of synergetic antifriction activity of these two types of additives has been found. 
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1. Introduction 
Depending on conditions and duration of usage properties of regular oils may not be enough. To increase 
efficiency of oils special additives are added into them: depressants, antiscoring, antiwear, antioxidant, anti-
corrosive, anti-foam and others. However, creating additives improving simultaneously antiwear and antoscoring 
properties and not disproving other characteristics is a very complicated task. As the science of tribological additives 
develops new types of additives are introduced into practice, and namely, additives allowing influencing 
supramolecular structure of lubrication layers, and as a result – lubrication process. In particular, such materials as 
mesogenic components containing in some conditions properties of liquid crystals (sometimes called 
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“nanostructured materials” [1]) and carbon nanotubes with particles of anisometric form which is likely to influence 
processes of supramolecular structuring of the lubrication layer can be considered as promising for additives. 
2. Selection of materials for investigation, goal statement 
The main goal of the current work is to evaluate influencing of cholesteric liquid crystals (LC) additive with 
carbon nanotubes over physical and chemical properties of industrial mineral oil  
I-20Ⱥ. This oil was chosen as a base media because it has a relatively low viscosity and it does not contain any 
functional additives at the moment of supply. For additives we used cholesteric liquid crystals (CLC), derivants 
(ethers) of cholesterol though they can be formed by substances not directly related to them (Fig. 1) [2]. During the 
experiment beside CLC we used carbon nanotubes (CNT) as additives to oil. Carbon nanotubes are extended 
structures containing folded hexagonal grids with carbon atoms in nodes [3]. Carbon nanotubes represent big 
molecules which consist only of carbon atoms which are packed as graphite.  
One-layer nanotubes are usually folded into the band as a cylinder. Multilayer CNT can be of two types: the so-
called “matryoshka-tubes” (nesting dolls) or roll-type multilayer CNT. The former consist of several included into 
each other layers of one-wall CNT. Usually the number of graphite layers fluctuates from 2 to 20. Roll-type 
nanotubes look like rollers made of one graphite plate [2]. Each layer represents hexagonal grid of graphite the base 
of which is made of hexagons with carbon atoms in each apex. The distance between layers is 0.34 nm. 
In the present work we have studied the influence of CNT additives with liquid crystals over tribological 
properties of mineral industrial oil for it is known that in the process of supramolecular system structuring liquid 
crystals are able to become “hosts” (in the chemical sense) for carbon nanotubes. Having a molecular structure 
similar to CNT liquid crystals can include CNT into their own structure. In particular, orientation order of liquid 
crystals can be applied to CNT so that special groups made of these particles can appear. [8].  
 
 
Fig. 1. Structure of LC-additives 
We used cholesteric ethers of stearate acid (X-7), propionic acid (X-10), oleic acid (X-16) and tridecanoic acid 
(X-20) as LC-additives. The constancy of temperature, translucency and correspondence of temperature values of 
phase periods to the reported data served as criteria of sufficient accuracy of the above-listed molecular entities.  
Graphic formulas of the used cholesteric ethers are presented at Picture 1, and Table 1 contains some of their 
physical-chemical characteristics.  
Multiwalled CNT were used as nano-sized micro-additives.  The carbon material “Taunit-M”, representing 
multiwalled carbon nanotubes (with outer diameter 8-15 nm, internal diameter 4-8 nm and specific surface area 300 
m2/g) received by way of chemical gas sedimentation in the process of catalytic pyrolysis of hydrocarbon, was used 
as an active sensabilizor. Compositions of two- and three-component mixtures (in mass percentage) subjected to 
tribotechnical investigations are represented in Table 2. 
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3. Experiment
Investigation of tribological properties of lubrication compositions was conducted on friction machine 2070 
CMT-1, which allows holding experiments at linear contact (based on the disk-disk principle) and extemded over 
the surface square contact (disk-block, spindle-muft and roller – fixed ball). Loading in the samples contact is 
created by the screwing loading device. During the experiment the rotation frequency, friction moment, number of 
run cycles are registered. The wear of samples is measured by weighing and micrometering [4].  
During the tribotechnical experiment we received the wear indicators such as the square of the ball wear spot and 
width of roller band wear. The results of calculations and the experiment are represented in Table 3.  
Table 1. Physical-chemical characteristics of the LC-additives under research 
ʋ Name of LC-additive 
Gross-formula Melting temperature, 
°ɋ 
 
Translucency 
temperature, °ɋ 
1 Cholesteric ether of stearate acid (ɏ-
7) ɋ45ɇ80Ɉ  76.0  86.0 
2 Cholesteric ether of propionic acid 
(ɏ-10) ɋ30ɇ50Ɉ2 96.25  ± 1.75 112.75 ± 1.25 
3 Cholesteric ether of oleic acid (ɏ-16) ɋ45ɇ78Ɉ2 20.0 45.0 
4 Cholesteric ether of tridecanoic acid 
(ɏ-20) ɋ40ɇ70Ɉ2 62.0  ± 2.0 84.5 ± 1.5 
Table 2. Compositions of two- and three-component mixtures 
Two-component mixtures Three-component mixtures 
Industrial oil I-20Ⱥ (base) with additives: 
2 % ɏ-7 2 % ɏ-7 and 0,0001% CNT 
2 % ɏ-10 2 % ɏ-10 and 0,0001% CNT 
2 % ɏ-16 2 % ɏ-16 and 0,0001% CNT  
2 % ɏ-20 2 % ɏ-20 and 0,0001% CNT 
Table 3. Results of tribotechnical experiments 
Studied samples Temperature,Co Roller wear, 
mm 
Spot square of all wear, 
mm 
Friction ratio, f 
 
Start Finish 
Oil I-20 Ⱥ 19 50 0,35 0,11 0,051 
Oil + ɏ-7 22 55 0,3 0,106 0,088 
Oil + ɏ-7 + CLC 19 51 0,525 0,28 0,046 
Oil  + ɏ-20 30 61 0,275 0,102 0,064 
Oil + ɏ-20+CNT 19 49 0,5 0,165 0,046 
Oil + ɏ-10 19 48 0,625 0,298 0,051 
Oil + ɏ-10 +CNT 21 56 0,6 0,306 0,088 
Oil + ɏ-16 24 54 0,6 0,158 0,088 
Oil + ɏ-16 +CNT 24 53,5 0,575 0,108 0,076 
 
Rheological properties of CLC-compositions were investigated by method of rotational viscosimetry. 
Deformation of samples took place during the constant shifting at a constant rotation velocity. Rotational viscosity 
was measured with the help of programed viscosimeter Physica MCR 501 by Anton Paar with measurement system 
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“plane - plane” (clearance value – 0,01 mm, temperature control from 150 to 1000 degrees, temperature accuracy up 
to 0,01 degree) at set velocities of shifting. Data of temperature dependence of the tension modulus G’ and loss 
modulus G’’ served as original experimental data for analyzing CLC-compositions. 
Two-component (cholesteric liquid crystal X-16 and industrial oil ɂ-20Ⱥ) and three-component systems 
(cholesteric liquid crystal X-16, carbon nanotubes and industrial oil ɂ-20Ⱥ) were tested at rheometer Physica MCR 
501. We received the following curves of flow (Fig. 2): 
 
Fig. 2. Curves of flow: a) for a two-component system; b) for a three-component system. The blue one is for decreasing temperature. The red one 
is for increasing temperature. 
Further, tribological investigations were hold with cholesteric ether of stearate acid – X – 7 as an additive in 
different concentrations: 1%, 2%, 5%, 10% and 20%. The tests were hold at a loading of 200H. The results are 
presented at Fig. 3.  
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Fig. 3. Dependence friction and wear paremeters on of X-7 concentration in mineral oil I-20 
4. Conclusion 
Thus, based on the analysis of tribotechnical investigations we can say that cholesteric additives X-7 with micro-
additive of multiwalled CNT have demonstrated good anti-friction properties. We have found out that entering 
cholesteric ether of stearate acid – X-7 into industrial oil I-20Ⱥ in different concentrations significantly increases 
indicators of wear resistance of friction pairs. However, we have observed some increase in indicators of friction 
ratio. Additive X-7 in concentration of 20% showed the best thickening properties.  
The completed rheological experiments demonstrated that entering nanotubes leads to changing the correlation 
between the springy and viscous components in favor of increasing the springy properties of the sample, which in its 
turn leads to changing tribological characteristics of oil ɂ-20Ⱥ. The possibility to vary compositions and weight 
correlation of components in the tested lubrication materials, and also the opportunity to change modes of 
tribotechnical investigations prove the promising potential of investigations in the spoken area. In our view, the 
possible investigation of the similar binary system of additives in the conditions of moldable lubrication media also 
seem to have a high potential I-20Ⱥ. 
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